W ith an expanding scope of practice for occupational health nurses, one focus is the prevention of work related diseases and injuries. Occupational health nurses must be proactive in identifying potential occupational health risks, informing employees of risks, and providing education and guidelines to assist them in protecting themselves.
An important consideration for some occupational health nurses is exposure to animals in the workplace. Although humans are not susceptible to all diseases of animals, a number of diseases are transmitted from animals or birds to humans. These diseases, collectively referred to as zoonoses, pose risks for persons occupationally exposed to animals.
Zoonotic disease comprises a diverse group of over 100 infections. This article focuses on diseases resulting from exposure to livestock, birds/poultry, wild animals, and biting insects ( • Research laboratory workers exposed to animals, animal blood or body fluids, or live tissue cultures. Others at risk include animal control workers, delivery personnel, forestry workers, construction workers, manuallaborers, and landscaping personnel.
Guidelines are included in the article for identifying animal exposure risks. Modes of exposure, clinical presentation, and current preventive and surveillance measures are discussed for populations at greatest risk.
The zoonotic diseases are arranged according to the animal group involved in transmission. Livestock, birds (including poultry), and wild animals are discussed separately. However, many zoonoses are transmitted by several methods which cross over these divisions.
LIVESTOCK
The most common zoonotic diseases transmitted by livestock include leptospirosis, brucellosis, and Q fever.
Bovine spongiform encephalopathy (BSE), better known as mad cow disease, has received much publicity during the past year. It is thought to be related to consumption of beef and beef products containing BSE and is not considered an occupational risk (McMichael, 1996) .
Leptospirosis
Leptospirosis is a bacterial infection caused by the spirochete Leptospira. It has the widest geographic distribution of all zoonoses, but is seen particularly in tropical, subtropical, and temperate regions. Other regions are affected primarily during warm, rainy seasons. Transmission is most prevalent during warm, wet conditions when the spirochete can survive for several weeks. Most mammals are potential carriers of leptospirosis. The spirochete is excreted in the urine of infected animals, and enters cuts and abrasions, mucous membranes, or the conjunctivae of humans. Since the 1970s, less than 20% of transmissions are believed to occur in occupational settings. Exposure to livestock, rodents, pets, wild animals, and contaminated water pose the greatest occupational risk (Farr, 1995) .
Leptospirosis presents with an abrupt onset of fever, often accompanied by headache, myalgia, and conjunctivitis. In the more common anicteric (without jaundice) leptospirosis, the initial symptoms subside and a second phase progresses to aseptic meningitis. The severity and duration of symptoms is reduced with prompt antibiotic therapy within the first 3 days of illness. Doxycycline is the antibiotic of choice.
Icteric leptospirosis (Weil's syndrome) accounts for 5% to 10% of infections. The second phase is characterized by hepatic, renal, and vascular dysfunction and is potentially fatal. Jaundice, uremia, and persistent fever develop within the first week, with renal dysfunction, hypotension, hemorrhage, and pneumonitis often following (Beran, 1994; Farr, 1995) .
Brucellosis
Humans are susceptible to four different species of the Brucella bacteria (Young, 1995) . Goats and sheep are hosts for Brucella melitensis, which is transmitted primarily through unpasteurized milk, cheeses, and other dairy products. Brucella melitensis is seen most commonly with foreign travel or ingestion of imported products.
The other species, Brucella abortus (cattle), Brucella suis (pigs), and Brucella canis (dogs), are almost exclusively associated with occupational exposures (Currier, 1989; Young, 1995) . The transmission results from the inhalation of infected particles or direct contact with infected animals, their tissue, or secretions, through irritated or water softened skin, or the conjunctival sac of the eye (CDC, 1994a) . Of the 100 to 250 cases reported each year, 46% occur in slaughterhouse workers (CDC, AUGUST 1997, VOL. 45, NO.8 1994a; Rosenberg, 1990) . The uterus of the infected female animal contains a particularly high concentration of Brucella organisms, increasing potential risk of exposure during a birth (Currier, 1989) .
Because of the often vague, nonspecific nature of the symptoms in humans, Brucellosis is often a misdiagnosed, underreported disease. Of the symptoms, intermittent fever is the only consistent finding (Beran, 1994; CDC, 1994a; Young, 1995) . However, sweats, weakness, fatigue, malaise, anorexia, and depression are also common. Serum agglutination tests are required to confirm the presence of the organism. Fatigue may persist for a month or longer after treatment with doxycycline and rifampin is begun. A relapse of the illness occurs in 2% to 10% of those begun on antibiotic treatment. Failure to complete the 6 week course of antibiotics is thought to be one cause of relapse (CDC, 1994a) .
Q Fever (Query Fever)
Another bacteria, Coxiella burnetti, which causes the zoonotic infection Q fever, appears in markedly heavy concentrations in the uterus of infected animals, as well as in urine, feces, and milk (Fox, 1991) . Exposure to the organism occurs through inhalation of infectious particles in aerosol form or direct contact with newborn animals. Sheep, cattle, and goats are the most common sources of human infection. Specific incidence data are not available (Raoult, 1995) .
Q fever in humans is characterized by either acute or chronic forms. Q fever is often asymptomatic, but when present, signs and symptoms of the acute form include fever, headache, atypical pneumonia, hepatomegaly, and a flu like syndrome. Recovery from the acute disease results from a 2 to 3 week course of doxycycline antibiotic therapy. Endocarditis is the most frequent manifestation of chronic Qfever and requires antibiotic therapy for a minimum of 3 years to optimize recovery (Raoult, 1995) .
BIRDS (INCLUDING POULTRY)
Zoonotic diseases transmitted by birds include chlamydiosis and histoplasmosis. Many birds are carriers of the bacterium chlamydiosis, while poultry and bat excrement are the most common habitat for the fungus Histoplasma capsulatum.
Chlamydiosis
Avian chlamydia is an infection of Chlamydia psittacosis, transmitted from birds to humans through inhalation of aerosolized particles of excreta. Waterfowl, seabirds, shore birds, pigeons, doves, poultry, and psittacine (parrot and parrot like) birds are natural reservoirs of chlamydia. Occupational exposure to avian chlamydia is generally seen in poultry farmers, poultry processing workers, pet shop workers, or during the cleaning of pigeon lofts (Beran, 1994; Satalowich, 1993) .
The disease may be asymptomatic or may have a presentation similar to that of other respiratory infections including fever, chills, headache, malaise, myalgia, and a nonproductive cough. Confirmation of the diagnosis is by acute and convalescent antibody titers. Treatment with tetracycline eradicates the organism (Fox, 1991; Satalowich, 1993) .
Histoplasmosis
Histoplasmosis poses a risk for poultry workers and is caused by inhalation of airborne spores from the fungus Histoplasma capsulatum. This fungus thrives in soil contaminated with bird or bat excrement and is often aerosolized during cleaning and construction activities. Ninety-nine percent of humans infected with histoplasma are asymptomatic; symptoms of the remaining 1% include a flu like syndrome, or acute or chronic respiratory infections (Wheat, 1994) . Effective treatment involves antibiotic therapy for 2 to 12 months with amphotericin B or ketoconazole. In immunocompromised individuals, disseminated histoplasmosis is a potential complication and can be fatal if untreated (CDC, 1995c; Wheat, 1994) . Treatment of disseminated histoplasmosis involves lifelong antibiotic therapy.
WILD ANIMALS/BITING INSECTS
Many zoonotic diseases are transmitted by wild animals. In addition to leptospirosis (previously discussed in relation to livestock) others include hantavirus, rabies, Lyme disease, Rocky Mountain spotted fever, ehrlichiosis, tularemia, and arboviruses.
Hantavirus
Hantaviruses have gained recent attention in the United States, with 83 confirmed cases and 45 deaths between May 1993 and July 1994 (CDC, 1994c) . Most infections have occurred in southwestern states, but variations of the virus have been identified in the Midwest, mid-Atlantic, and Florida. The first documented outbreak in the United States occurred in May 1993 in four southwestern states and involved 26 individuals who developed Hantavirus pulmonary syndrome (HPS). The media focused on the high mortality rate (>50%) involving previously healthy young adults (CDC, 1994c) .
The Sin Nombre virus was the cause of HPS in the 1993 outbreak. Since that time at least two other Hantaviruses have been identified as causing HPS-the 388 Black Creek Canal and Bayou viruses. It appears each virus is maintained in nature in a single rodent reservoir and is shed in feces (CDC, 1994c; Weigler, 1995) . Exposure to the virus is usually through inhalation of infected particles of excreta aerosolized during cleaning of storage areas, trapping of rodents, or agricultural activities. Direct contact between excreta and broken skin or the conjunctival sac, or as the result of a bite, also has been identified as causing the disease.
The course of the disease has three distinct phases. The prodromal phase of HPS consists of fever and myalgia, while the abrupt onset of cough and dyspnea marks the cardiopulmonary phase. Eighty-eight percent of victims required mechanical ventilation during this phase with progression of cough and dyspnea as well as tachypnea, tachycardia, and hypotension. Recovery in the convalescent phase is rapid for those surviving the cardiopulmonary phase (Butler, 1994) .
Rabies
The classic zoonosis, rabies, is transmitted through infectious saliva of rabid animals generally introduced with bite wounds. Most wild animals, particularly carnivores, are susceptible to the rhabdovirus that causes rabies. The four main wildlife vectors in the United States are skunks, raccoons, foxes, and bats (Baevsky, 1993; CDC, 1995a) . In the United States and Canada, vaccination of farm animals and household pets has led to control of rabies in domestic animals.
The clinical course of rabies culminates in a progressive deterioration of mental status, paralysis, coma, and death. Without antiviral preexposure or postexposure treatment prior to any clinical evidence of the disease, it is inevitably fatal.
Rabies in wild animal populations continues to be an occupational risk for individuals working in wilderness regions (CDC, 1991) . Although there have been only 33 human rabies deaths from 1977 to 1994, a record 9,495 cases of animal rabies were reported in the United States in 1993 (CDC, 1995a) .
Lyme Disease
Of all the diseases spread by arthropods (ticks and mosquitoes), Lyme disease is the most prevalent in the United States, with 13,083 cases reported in 1994 (CDC, 1995e) . This disease is caused by the spirochete Borrelia burgdorferi, which is transferred in the bite of Ixodes ticks, generally in the nymphal stage. Due to the small size of the tick in this stage, it is able to stay attached unnoticed for the 36 to 48 hours needed to transmit the bacteria. More than 50% of individuals diagnosed with Lyme disease do not recall a tick bite (Spach, 1993) .
Sixty to 80% of illnesses begin with a circular red skin lesion, called erythema migrans, within 7 to 10 days at the site of the tick bite. Secondary lesions are often noted later at more distant sites. Further progression of the disease can result in skin, eye, arthritic, neurologic, or cardiac manifestations. If diagnosed early in the disease process, antibiotic treatment with doxycycline, amoxicillin, cefuroxirne, or azithromycin is effective (Spach, 1993) .
Rocky Mountain Spotted Fever
In the United States, Rocky Mountain spotted fever is another tick borne disease of significance causing fever, rash, malaise, headache, and myalgia. The disease is most prevalent in southeastern and southcentral states. North Carolina, Oklahoma, Tennessee, and South Carolina reported 48% of the 7,650 cases between 1981 and 1992 (Dalton, 1995) .
Rickettsia rickettsii is the causative agent of the infection and is transmitted by adult ticks after at least 6 hours of attachment. A large proportion of individuals acquiring this disease recall a tick bite (Walker, 1995) . The characteristic rash of Rocky Mountain spotted fever is present in 85% to 90% of individuals and usually begins with pink macules on the ankles and wrists of individuals, 3 to 5 days after the exposure (Spach, 1993; Walker 1995) . The rash commonly spreads to the trunk, face, palms, and soles, becoming petechial, then purpuric after several days. Doxycycline is the treatment of choice. With prompt antibiotic therapy, mortality is reduced from 25% to 5% (Spach, 1993) .
Ehrlichiosis
"Spotless Rocky Mountain spotted fever" is a name given to an emerging zoonotic infection named ehrlichiosis (Dumler, 1995) . Similarities have been noted between the symptoms and the geographic pattern of the two diseases.
Two types of ehrlichiosis exist: monocytic (HME) and granulocytic (HGE). In HME, Ehrlichia chafeensis bacteria are transmitted to humans by the Lone Star tick. The Ixodes species of tick transmit HGE as well as Lyme disease, and concurrent infections are thought to occur. The bacteria responsible for HGE have not been identified (CDC, 1995d; Dumler, 1995) .
Symptoms of both types of ehrlichiosis include fever, malaise, myalgia, and headache. Leukopenia, thrombocytopenia, and anemia are common findings. Although asymptomatic infections are thought to occur, 60% of documented cases require hospitalization. Prompt treatment with doxycycline decreases the likelihood of serious complications which occur in 15% of those infected (Dumler, 1995) .
Tularemia
Tularemia is a zoonotic disease transmitted to humans by either biting insects (e.g., ticks, flies, or mosquitoes) or contact with infected animals. At least 50% to 60% of the infections are tick borne (Spach, 1993; Taylor, 1991) . Transmission from infected animals is through direct contact, inhalation of aerosolized particles, or ingestion of contaminated meat or water. Francisella tularensis is found primarily in rabbits and hares, but a wide range of other animals are known hosts, including domestic cats (Capellan, 1993) .
Symptoms are abrupt in onset, and usually relate to the route of infection. For example, infection of the extremities includes swelling and ulcers, while inhalation results in pneumonia or typhoid like symptoms. Increased mortality and morbidity occurs with typhoid AUGUST 1997, VOL. 45, NO.8 
Tick Disease Prevention Measures
1. Minimize exposure to tick infested areas, especially during the spring and summer months when risk is highest. Information can be obtained from local health departments and park or agricultural extension services regarding local ''tick infested" areas. 2. Wear long sleeved shirts that fasten tightly at the wrist and long pants with pant legs tucked into socks or boot tops. 3. Apply an insect repellent containing N, N-diethylm-toluamide (DEET) to clothing and exposed skin, except for the face, according to label directions. These products should be used with caution on children. 4. Spray permethrin directly on clothing. This compound kills ticks on contact, but is not proven safe for direct skin application. Items sprayed with permethrin should be laundered separately.
5. Inspect anyone with exposure to tick infested areas twice a day, including the scalp, neck, axillae, and groin for imbedded ticks. 6. Remove any ticks and thoroughly cleanse the area with an antiseptic solution. Prompt removal may prevent the transmission of infections. Brucella burgdorferi, the organism responsible for Lyme disease, takes 36 to 48 hours for transmission; 6 hours is necessary for the transmission of Rocky Mountain spotted fever (CDC, 1995e; Walker, 1995) .
like tularemia and in clients with secondary pneumonias. More than three quarters of the cases present with ulcerative lesions and pronounced regional lymphadenopathy at the site of infection (Beran, 1994) . Treatment with aminoglycosides reduces the mortality rate in uncomplicated cases to 1 to 3% (Spach, 1993) .
Arboviruses
The arboviruses consist of a group of viral diseases transmitted by ticks and mosquitoes. California serogroup encephalitis, a mosquito borne agent, is the most commonly occurring arbovirus in the United States. Other less common mosquito borne arboviruses include St. Louis encephalitis (SLE), western equine encephalomyelitis (WEE), and eastern equine encephalomyelitis (EEE). Powassan encephalitis (POW) is a tick borne arbovirus of significance in the United States (CDC, 1995b) .
The majority of arbovirus infections occur without clinical symptoms and result in lifelong immunity (Calisher, 1994) . Symptomatic infections are characterized by abrupt onset of fever, headache, and flu like symptoms which occasionally lead to encephalitis. Rare cases that progress to encephalitis often develop residual problems and are potentially fatal (Beran, 1994) . Treatment is 
PREVENTIVE MEASURES
Unless livestock are proven free of disease, workers should exercise precautions. Personal protective equipment should include gloves, face mask, protective eye wear, and high rubber boots depending on the mode of transmission of potential diseases. Of particular concern is any exposure to animals during the birthing process, or to fetuses, newborns, or placentas. To decrease the spread of Brucellosis and Q fever during such exposure, face masks, goggles, and gloves are imperative. Additionally, in areas endemic for Leptospirosis, early morning dew is often contaminated by field rodent urine. Gloves and high rubber boots are recommended to avoid contact with these excretions (Beran, 1994) .
Recommendations for aviary and poultry workers or others whose occupation potentially exposes them to areas contaminated with bird or bat excrement include the use of personal protective equipment: respirators, eye protection, gloves, and protective clothing. Immunocompromised individuals should avoid areas potentially contaminated with excrement. The prophylactic treatment of birds with chlortetracycline eliminates chlamydiosis (Satalowich, 1993) .
Immunizations have not been approved for human use to prevent Brucellosis, Leptospirosis, or Q fever, but are available and widely used in animal populations to help prevent the spread of these diseases to humans. Immunization is available to provide some protection against rabies in humans, although an abbreviated postexposure prophylaxis is still recommended following any actual exposure. Rabies immunization should be provided to spelunkers (cave explorers), veterinarians, and animal control and wildlife workers (CDC, 1995a) .
A live attenuated vaccine is available for control of tularemia in humans. The vaccine appears to provide protection against respiratory infections, but not against 390 ulceroglandular infections. It has been used successfully by laboratory personnel, and has the potential for more extensive use by hunters, sheep ranchers, trappers, and residents or visitors to endemic areas (Beran, 1994) .
Vaccines are available for the EEE and WEE arboviruses, which are mosquito borne. They are recommended for laboratory workers or individuals at an increased risk, but are impractical for the general public (Calisher, 1994) . No vaccines are currently available to prevent the diseases transmitted by ticks (e.g., Lyme disease, Rocky Mountain spotted fever, ehrlichiosis, Powassan arbovirus). The tularemia vaccine appears effective against the disease only when transmitted by direct contact or inhalation and has primarily been used by laboratory workers (Spach, 1993) .
The risk of infection from diseases transmitted by ticks can be reduced by following several preventive measures listed in the Box on page 389. issued recommendations to minimize exposure to rodents and their excreta to prevent Hantavirus. Workers routinely exposed to rodents (e.g., mammalogists, pest control workers), particularly in endemic areas, are advised to use respirators and rubber or plastic gloves. Further recommendations are given to eliminate rodents inside homes, reduce rodent access to homes, and reduce available food sources and nesting sites for rodents. Guidelines for clean up of rodent contaminated areas are also available.
IMPLICATIONS FOR OCCUPATIONAL HEALTH NURSING PRACTICE
Education and training about health and safety needs is a key component in occupational health nursing standards of practice. The role of the occupational health nurse in preventing zoonotic infections includes education, disease prevention, and surveillance to maintain a healthy work environment for employees. Education includes providing employees with information about potential risks for these infections. Employees must be given information about diseases that may be transmitted by animals encountered or in the work environment. Education also includes instruction and training about preventive measures used to safeguard health.
In primary prevention, one of the roles of the occupational health nurse involves visiting the workplace to become familiar with potential hazards. Workplace visits allow the nurse to assess potential exposure to animals, vectors, or contaminated products. In addition, the nurse must determine compliance with the use of personal protective equipment and other preventive measures. Assuring compliance with preventive measures can be a challenging aspect of maintaining a healthy work environment.
Primary prevention also includes the use of an exposure history assessment (Table 2 ). Unfortunately, one area often forgotten in exposure histories is exposure to animals. The potential for exposure is frequently underestimated. All exposure through direct contact with animals, incidental wilderness encounters, or work in an area inhabited by animals or containing excreta is documented in the history. Recreational exposures are documented along with those encountered on the job.
As mentioned earlier, immunizations for rabies, tularemia, EEE, and WEE are available in the United States. Presently, their use is limited to laboratory workers or individuals at an increased occupational risk. Although live attenuated veterinary vaccines for Brucellosis have been used on humans and killed vaccines have been studied, none have proven safe and effective (Young, 1995) .
Serum banking, a process of storing a baseline serum sample, is recommended for any person whose occupation involves frequent rodent contact. Occupational health nurses must be aware of guidelines regarding this process which necessitates storage of samples for the length of employment plus 30 years .
Secondary prevention involves the detection of infections before an employee becomes symptomatic. However, with the rapid onset of these infections and the fact that most are diagnosed by a demonstrated rise in antibody titers with a compatible clinical presentation, prevention at this level is generally not a viable consideration.
Tertiary prevention involves the diagnosis and prompt treatment of individuals once symptoms have developed. Zoonotic diseases are frequently underdiagnosed, with many incorrectly attributed to other causes.
Two areas are key to increasing the likelihood of appropriate diagnosis. First, health care professionals must become increasingly aware of potential exposure to zoonotic infections in their client population. Information about the home, workplace, and leisure activities with an assessment of exposure to animals in each setting should routinely be maintained on every client.
Second, anyone with exposure to animals must understand the risk for zoonotic infections and inform their primary care provider of exposure if they become ill, particularly with a fever or other signs of infection. Resources are available in local areas through cooperative extension agents, area veterinarians, and local health departments to determine diseases endemic to particular areas. AUGUST 1997, VOL. 45, NO.8 r ---------. ------------ I   TABLE 3 Guidelines for Occupational Health Nurses
